Environmental Issues of Deep-Sea Mining  by Sharma, Rahul
 Procedia Earth and Planetary Science  11 ( 2015 )  204 – 211 
1878-5220 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the Global Challenges, Policy Framework & 
Sustainable Development for Mining of Mineral and Fossil Energy Resources.
doi: 10.1016/j.proeps.2015.06.026 
Available online at www.sciencedirect.com
ScienceDirect
*OREDO&KDOOHQJHV3ROLF\)UDPHZRUN	6XVWDLQDEOH'HYHORSPHQWIRU0LQLQJRI
0LQHUDODQG)RVVLO(QHUJ\5HVRXUFHV*&3)
(QYLURQPHQWDO,VVXHVRI'HHS6HD0LQLQJ
5DKXO6KDUPD
CSIR-National Institute of Oceanography, Dona Paula, Goa 403004, India 
$EVWUDFW
$V WHUUHVWULDO PLQHUDO GHSRVLWV DUH HLWKHU GHSOHWLQJ RU RI ORZ JUDGH PLQHUDOV IURP WKH GHHSVHD OLNH WKH
SRO\PHWDOOLFQRGXOHVFREDOWULFKFUXVWVDQGSRO\PHWDOOLFVXOILGHVDUHFRQVLGHUHGDVDOWHUQDWLYHVRXUFHVIRUPHWDOV
VXFKDV&X1L&R0Q)H WKDWFRXOGEHH[SORLWHGLQIXWXUHE\GHYHORSLQJVXLWDEOHWHFKQRORJLHVIRUPLQLQJDV
ZHOO DV H[WUDFWLQJ PHWDOV IURP WKHP $V PRVW RI WKHVH GHSRVLWV RFFXU LQ WKH LQWHUQDWLRQDO ZDWHUV VHYHUDO
µFRQWUDFWRUV¶KDYHVWDNHGFODLPVRYHUODUJHWUDFWVRIWKHVHDIORRULQWKHLQWHUQDWLRQDOZDWHUVXQGHUWKH81/DZRI
WKH6HD6LPXODWHGVHDIORRUPLQLQJH[SHULPHQWVKDYHUHYHDOHGVLJQLILFDQWLQIRUPDWLRQRQWKHSRWHQWLDOLPSDFWVWKDW
PD\RFFXUDVDOVRVHYHUDOPHDVXUHVIRUFRQVHUYLQJWKHHQYLURQPHQWKDYHEHHQVXJJHVWHG

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH*OREDO&KDOOHQJHV3ROLF\)UDPHZRUN	
6XVWDLQDEOH'HYHORSPHQWIRU0LQLQJRI0LQHUDODQG)RVVLO(QHUJ\5HVRXUFHV
Keywords:3RO\PHWDOOLFQRGXOHVSRO\PHWDOOLFVXOILGHVFREDOWULFKFUXVWVGHHSVHDPLQLQJHQYLURQPHQWDOLVVXHV
,QWURGXFWLRQ
'HHSVHDPLQLQJKDVJHQHUDWHGVLJQLILFDQW LQWHUHVWDURXQG WKHZRUOGIRURYHU ILYHGHFDGHVGXHWR
WKH SRWHQWLDO RI GHHSVHD PLQHUDOV VXFK DV SRO\PHWDOOLF QRGXOHV FREDOW ULFK FUXVWV DQG
SRO\PHWDOOLFVXOILGHVWKDWRFFXURQWKHGHHSVHDEHG)LJDQGDUHFRQVLGHUHGDVDOWHUQDWLYHVRXUFHRI
VWUDWHJLFPHWDOVVXFKDV&X1L&R3E=Q&GEHVLGHV)HDQG0QIRULQGXVWULDOGHYHORSPHQW,WLV
HVWLPDWHGWKDWWKHYDOXHRILPSRUWVLQRUHVDQGPLQHUDOVDFFRXQWIRUPRUHWKDQDPRXQWLQJWRDERXW
ELOOLRQ,QGLDQUXSHHV7KHWHUUHVWULDOUHVHUYHVRIPDQ\RIWKHVHPHWDOVWKDWKDYHPDQ\LQGXVWULDO
XVHVDUHGHSOHWLQJIDVW7DEOHHPSKDVL]LQJWKHQHHGIRUGHHSVHDPLQLQJ
8QWLOHLJKWµ&RQWUDFWRUV¶KDGEHHQDOORWWHGDUHDVLQWKHLQWHUQDWLRQDOZDWHUVWRH[SORUHLQWKH
3DFLILF )UDQFH 5XVVLD -DSDQ &KLQD .RUHD ,QWHURFHDQPHWDO DQG *HUPDQ\  DQG ,QGLDQ ,QGLD
2FHDQVE\WKH,QWHUQDWLRQDO6HDEHG$XWKRULW\WKDWUHJXODWHVDFWLYLWLHVUHODWHGWRVHDIORRUPLQHUDOVLQWKH
µ$UHD¶RXWVLGHWKH([FOXVLYH(FRQRPLF=RQHVRIDQ\FRXQWU\6XEVHTXHQWO\PRUHKDYHODLGWKHLU
FODLPVLQWKH3DFLILF2FHDQYL]1DXUX7RQJD.LULEDWL8.%HOJLXPIRUSRO\PHWDOOLFQRGXOHVDQG
FRXQWULHV &KLQD.RUHD ,QGLD 5XVVLD )UDQFH KDYH FODLPHG DUHDV IRU H[SORUDWLRQ RI K\GURWKHUPDO
VXOILGHVLQWKH,QGLDQDVZHOODV$WODQWLF2FHDQV
+RZHYHUPLQLQJRI GHHSVHDPLQHUDOGHSRVLWV KDYH VHYHUDO WHFKQRORJLFDO FKDOOHQJHV LQ WHUPVRI
H[WUHPHRSHUDWLQJFRQGLWLRQVVXFKDVKLJKRSHUDWLQJGHSWKNPGLVWDQFHIURPVKRUH!NP
KLJK SUHVVXUH  EDUV ORZ WHPSHUDWXUHV  & DV ZHOO DV SK\VLFDO IRUFHV OLNH FXUUHQWV
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the Global Challenges, Policy Framework & 
Sustainable Development for Mining of Mineral and Fossil Energy Resources.
205 Rahul Sharma /  Procedia Earth and Planetary Science  11 ( 2015 )  204 – 211 
ZDYHVZLQGVDQGRWKHUV$OVRWKHHQVXLQJHQYLURQPHQWDOLPSDFWVGXHWRPLQLQJDFWLYLWLHVDUHDFDXVH
RIFRQFHUQZKLFKDUHGLVFXVVHGLQWKLVSDSHU



)LJ'LVWULEXWLRQRIPDULQHPLQHUDOVRQGLIIHUHQWVHDIORRUWRSRJUDSKLFIHDWXUHV

7DEOH8VHVDQGVWDWXVRINH\PHWDOVIRXQGLQGHHSVHDPLQHUDOV
0HWDO 8VHGLQ 5HVHUYHVRQODQG	VWDWXV
,Q,QGLD,Q:RUOG
1LFNHO 0DNLQJ  VWHHO    QRQIHUURXV DOOR\V DQG VXSHUDOOR\V
 HOHFWURSODWLQJ   FRLQV FHUDPLFV EDWWHULHV
KDUGGLVFV
1LO
WRWDOO\GHSHQGRQLPSRUWV
PLW
&REDOW $OOR\V PDJQHWV EDWWHULHV FDWDO\VWV SLJPHQWV DQG
FRORULQJUDGLRLVRWRSHVHOHFWURSODWLQJ
1LO
WRWDOO\GHSHQGRQLPSRUWV
PLW
LQ&RQJR
&RSSHU (OHFWULFDO WHOHFRP DQG HOHFWURQLF DSSOLFDWLRQV VXFK DV
JHQHUDWRUVWUDQVIRUPHUVPRWRUV3&V79VPRELOHSKRQHV
DXWRPRELOHDQWLEDFWHULDODJHQWDQGFRQVXPHU
SURGXFWVFRLQVPXVLFDOLQVWUXPHQWVFRRNZDUH
PLW PLW
ORZJUDGH
0DQJDQHVH 6WHHO SURGXFWLRQ !  RI RUH XVHG IRU WKLV FRUURVLRQ
UHVLVWDQWDOOR\VFDQVDGGLWLYHLQXQOHDGHGJDVROLQHSDLQW
GU\ FHOO DQG DONDOLQH EDWWHULHV SLJPHQWV FHUDPLF	 JODVV
LQGXVWU\
PLWRUH PLW
PHWDO
,URQ 3LJLURQVSRQJHLURQVWHHO!DOOR\VDXWRPRELOHV
VKLSVWUDLQVPDFKLQHVEXLOGLQJVJODVV
ELWRUH
5LFKUHVHUYHVDYDLODEOH
ELWRUHDQG
ELWPHWDO
3RWHQWLDOHQYLURQPHQWDOHIIHFWVRIGHHSVHDPLQLQJ
7KHLPSDFWRIRIIVKRUHPLQLQJLVH[SHFWHGWREHLQWKHIRUPRIµSOXPH¶DWWKHVHDIORRUWXUELGLW\LQ
WKHZDWHUFROXPQDQGDGGLWLRQRIERWWRPVHGLPHQWV WR WKH VXUIDFH UHVXOWLQJ LQFKDQJH LQ WKHPDULQH
HFRV\VWHP)LJDVZHOODVRQODQGRZLQJWRFROOHFWLRQVHSDUDWLRQOLIWLQJWUDQVSRUWDWLRQSURFHVVLQJ
DQG GLVFKDUJH RI HIIOXHQWV )LJ  $FFRUGLQJ WR DQ HVWLPDWH DQ DUHD RI  VT NP ZLOO EH
GLVWXUEHGHYHU\\HDU IRUPLQLQJRI   PLOOLRQPHWULF WRQQHVRIQRGXOHVSHU \HDU  :LWK HYHU\
WRQQH RI PDQJDQHVH QRGXOH PLQHG IURP VHDEHG  WRQQHV RI VHGLPHQW ZLOO EH UHVXVSHQGHG
+HQFHIRUDQDYHUDJHPHWULFWRQQHVRIQRGXOHVPLQHGSHUGD\DERXWPHWULFWRQQHVRI
VHGLPHQWZLOOEHGLVWXUEHGDWWRQQHQRGXOHWRQQHVHGLPHQW
7KH DGMDFHQW DUHDV ZLOO QRW RQO\ KDYH KLJKHU VHGLPHQWDWLRQ UDWHV EXW WKH VXVSHQGHG ORDGV PD\
UHPDLQ RYHU ORQJ SHULRGV DQG DOVR WUDYHO ODWHUDOO\ FDXVLQJ FORJJLQJ RI ILOWHU IHHGLQJ DSSDUDWXV RI
EHQWKLF RUJDQLVPV LQ WKH DUHD 6XGGHQ LQFUHDVH LQ WKH DPRXQW RI VXVSHQGHGPDWWHU GXH WR VHGLPHQW
SOXPHDQGPLQLQJGLVFKDUJHZLOO LQFUHDVH WKH WXUELGLW\RI WKHVHZDWHUV DQGPD\DOVRDIIHFWSHODJLF
RUJDQLVPV 7KH GHEULV DQG VHGLPHQWV PL[HG ZLWK ZDWHU ZKLFK DUH OLIWHG DQG WUDQVSRUWHG ZLWK WKH
PLQHUDOV GLVFKDUJHG DW WKH VXUIDFH ZRXOG FUHDWH WXUELGLW\ DQG GHFUHDVH WKH DYDLODEOH VXQOLJKW IRU
SKRWRV\QWKHVLVFDXVLQJORQJWHUPHIIHFWVRQELRORJLFDOSURGXFWLYLW\$WWKHVDPHWLPHLQWURGXFWLRQRI
ERWWRPZDWHUZLWKLWVKLJKHUQXWULHQWYDOXHVFRXOGUHVXOW LQDUWLILFLDOXSZHOOLQJLQFUHDVLQJWKHVXUIDFH
SURGXFWLYLW\
&RQWLQHQWDO
0DUJLQ
&
RQ
WLQ
HQ
WD
O
6
KH
OI
&
RQ
WLQ
HQ
WD
O
5
LV
H
&
RQ
WLQ
HQ
WD
O
6
OR
SH
2FHDQ%DVLQ0LG2FHDQLF5LGJH
5
LIW
9
DO
OH
\
3
RO
\P
HW
DO
OLF
6
XO
ILG
HV

$
E\
VV
DO

+
LOO
$
E\
VV
DO

3
OD
LQ
6
HD
P
RX
QW
&
RE
DO
W
&
UX
VW
V
0
DQ
JD
QH
VH
1
RG
XO
HV
&
UX
GH
2
LO
1
DW
XU
DO
*
DV
3
OD
FH
UV
3
KR
VS
KR
ULW
HV
6
DQ
G
*
UD
YH
O
206   Rahul Sharma /  Procedia Earth and Planetary Science  11 ( 2015 )  204 – 211 



«
«
«
«
«
««
««
0,1,1*6+,3
/,)76<67(0
12'8/(0,1(5
6HGLPHQW
SOXPH
EHKLQGWKH
PLQHU
0RUWDOLW\RIRUJDQLVPV
RQWKHVHDIORRU
6XUIDFHGLVFKDUJH
DIIHFWLQJWXUELGLW\
SKRWRV\QWKHVLV	
SURGXFWLYLW\

6XEVXUIDFHGLVFKDUJH
FKDQJHVZDWHUFROXPQ
FKDUDFWHULVWLFV



)LJ6FKHPDWLFIRUHQYLURQPHQWDOLPSDFWRIGHHSVHDPLQLQJ

$FWLYLW\ 6HDIORRU :DWHU
&ROXPQ
6XUIDFH /DQG
&ROOHFWLRQ    
6HSDUDWLRQ    
/LIWLQJ    
:DVKLQJ    
$WVHDSURFHVVLQJ    
7UDQVSRUW    
([WUDFWLRQ    
7DLOLQJGLVFKDUJH    

)LJ$UHDVOLNHO\WREHDIIHFWHGGXHWRGLIIHUHQWDFWLYLWLHVRIGHHSVHDPLQLQJ
$ VXPPDU\ RI WKH SUREDEOH LPSDFWV DW YDULRXV OHYHOV LQ WKH ZDWHU FROXPQ KDYH EHHQ JLYHQ LQ WKH
IROORZLQJVHFWLRQ
2.1. Potential seafloor impacts 
,WLVDQWLFLSDWHGWKDWWKHSULPDU\EHQWKLFLPSDFWVFDXVHGE\PLQLQJZLOOEH
x GLUHFW LPSDFWV DORQJ WKH WUDFN RI WKH QRGXOH FROOHFWRU ZKHUH WKH VHGLPHQWV DQG DVVRFLDWHG
IDXQDZLOOEHFUXVKHGRUGLVSHUVHGLQDSOXPHDQGWKHQRGXOHVUHPRYHG
x 6PRWKHULQJRUHQWRPEPHQWRIWKHEHQWKLFIDXQDDZD\IURPWKHVLWHRIQRGXOHUHPRYDOZKHUH
WKHVHGLPHQWSOXPHVHWWOHVDQGFORJJLQJRIVXVSHQVLRQIHHGHUVDQGGLOXWLRQRIGHSRVLWIHHGHUV
IRRGUHVRXUFHV
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2.2. Potential water-column impacts 
'LVFKDUJHRIWDLOLQJVDQGHIIOXHQWEHORZWKHR[\JHQPLQLPXP]RQHPD\FDXVHVRPHHQYLURQPHQWDO
KDUPWRWKHSHODJLFIDXQDVXFKDV
x PRUWDOLW\RI]RRSODQNWRQVSHFLHV
x (IIHFWV RQ PHVRDQG EDWK\SHODJLF ILVKHV DQG RWKHU QHNWRQ LPSDFWV RQ GHHSGLYLQJPDULQH
PDPPDOV RQ EDFWHULRSODQNWRQ DQG GHSOHWLRQ RI R[\JHQ E\ EDFWHULDO JURZWK RQ VXVSHQGHG
SDUWLFOHV
x HIIHFWVRQILVKEHKDYLRXUDQGPRUWDOLW\FDXVHGE\WKHVHGLPHQWVRUWUDFHPHWDOV
x PRUWDOLW\RIDQGFKDQJHVLQ]RRSODQNWRQVSHFLHVFRPSRVLWLRQFDXVHGE\GLVFKDUJHV
x GLVVROXWLRQRIKHDY\PHWDOVHJFRSSHUDQGOHDGZLWKLQWKHR[\JHQPLQLPXP]RQHDQG
x WKHSRVVLEOHFORJJLQJRI]RRSODQNWRQE\ILOWHULQJSDUWLFOHVLQWKHSOXPH
2.3. Potential upper-water column impacts 
,IWDLOLQJVFRQVLVWLQJRIVHGLPHQWVLQFOXGLQJFOD\DQGRWKHUHIIOXHQWDUHGLVFKDUJHGLQQHDUVXUIDFH
ZDWHUVWKHQWKHUHDUHDGGLWLRQDOLPSDFWVWRWKRVHOLVWHGDERYHZLOOEHHJ
x WKHSRWHQWLDOIRUWUDFHPHWDOELRDFFXPXODWLRQ
x UHGXFWLRQLQSULPDU\SURGXFWLYLW\GXHWRVKDGLQJRISK\WRSODQNWRQDQG
x HIIHFWVRQSK\WRSODQNWRQIURPWUDFHPHWDOVDQG
x RQEHKDYLRXURIPDULQHPDPPDOVDQGHVSHFLDOO\WKH
x 'XUDWLRQRIWDLOLQJVXVSHQVLRQHVSHFLDOO\ZLWKDWVHDSURFHVVLQJ
(,$VWXGLHVIRUGHHSVHDPLQLQJ
,QRUGHUWRXQGHUVWDQGWKHSRWHQWLDOLPSDFWVRIGHHSVHDPLQLQJVHYHUDOVWXGLHVZLWKVLPXODWHG
PLQLQJKDYHEHHQFDUULHGRXWDVIROORZV
3.1. Deep ocean mining environment study by OMI and OMA, USA
7KH'HHS2FHDQ0LQLQJ(QYLURQPHQW6WXG\'20(6FRQGXFWHGE\12$$86$
PRQLWRUHGHQYLURQPHQWDO LPSDFWVGXULQJ WZRRI WKHSLORW VFDOHPLQLQJ WHVWV FRQGXFWHGE\ WKH2FHDQ
0LQLQJ,QFDQGWKH2FHDQ0LQLQJ$VVRFLDWHV20$LQLQWKH3DFLILF2FHDQ'XULQJWKHVWXG\
WKH FRQFHQWUDWLRQ RI SDUWLFXODWHV ZDV PHDVXUHG LQ WKH GLVFKDUJH DQG WKH ELRORJLFDO LPSDFWV LQ WKH
VXUIDFHDVZHOODVEHQWKLFSOXPHVZHUHDVVHVVHG
3.2. Disturbance and re-colonisation experiment by Germany 
7KH',6WXUEDQFHDQG5H&2/RQLVDWLRQ',6&2/H[SHULPHQWZDVFRQGXFWHGE\WKHVFLHQWLVWVRI
WKH +DPEXUJ 8QLYHUVLW\ *HUPDQ\ LQ WKH 3HUX %DVLQ LQ WKH 3DFLILF 2FHDQ IURP  WR 
&ROOHFWLRQRISUHGLVWXUEDQFHEDVHOLQHHQYLURQPHQWDOGDWDZDVIROORZHGE\WKHGLVWXUEDQFHFDXVHGE\D
SORZKDUURZLQDFLUFXODUDUHDRIVTNP3RVWGLVWXUEDQFHVWXGLHVZHUHFDUULHGRXWWRPRQLWRUWKH
LPSDFW DQG UHFRORQLVDWLRQ DIWHU PRQWKV  \HDUV DQG  \HDUV 7KH UHVXOWV KDYH VKRZQ WKDW RYHU D
SHULRGRI WLPH DOWKRXJK FHUWDLQ JURXSVRI EHQWKLFRUJDQLVPVPD\ VKRZD TXDQWLWDWLYH UHFRYHU\ WKH
IDXQDOFRPSRVLWLRQLVQRWWKHVDPHDVWKHXQGLVWXUEHGRQH
3.3. Benthic impact experiment by NOAA, USA
7KH EHQWKLF LPSDFW H[SHULPHQW 12$$%,( E\ WKH 1DWLRQDO 2FHDQRJUDSKLF DQG $WPRVSKHULF
$GPLQLVWUDWLRQ12$$86$ZDVFRQGXFWHGLQWKH&ODULRQ&OLSSHUWRQ)UDFWXUH=RQH&&)=RIWKH
3DFLILF2FHDQ  WR $IWHU EDVHOLQH VWXGLHV LQ D SUHVHOHFWHG DUHD WKH'HHS6HD 6HGLPHQW
5HVXVSHQVLRQ6\VWHP'6656ZDVXVHGIRUWLPHVLQDQDUHDRI[P7KHSRVWGLVWXUEDQFH
VDPSOLQJLQGLFDWHGFKDQJHVLQWKHIDXQDOGLVWULEXWLRQLQWKHDUHDDQGPRQLWRULQJREVHUYDWLRQVDIWHU
PRQWKV LQGLFDWHG WKDW ZKHUHDV VRPH RI WKH PHLREHQWKRV VKRZHG D GHFUHDVH LQ DEXQGDQFH WKH
PDFUREHQWKRVVKRZHGDQLQFUHDVHLQWKHLUQXPEHUVSUREDEO\GXHWRLQFUHDVHGIRRGDYDLODELOLW\
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3.4. Japan deep-sea impact experiment by MMAJ, Japan
7KH -DSDQ GHHSVHD LPSDFW H[SHULPHQW -(7    ZDV FRQGXFWHG E\ 00$- 0HWDO
0LQLQJ$JHQF\RI-DSDQLQWKH&&)=RIWKH3DFLILF2FHDQLQZLWKWKH'6656'LVWXUEDQFHZDV
FUHDWHGGXULQJWUDQVHFWVRYHUWZRSDUDOOHOWUDFNVRIPOHQJWK7KHLPSDFWZDVDVVHVVHGIURP
VHGLPHQWVDPSOHVGHHSVHDFDPHUDRSHUDWLRQVVHGLPHQWWUDSVDQGFXUUHQWPHWHUVDQGWKHUHVXOWVVKRZ
WKDWWKHDEXQGDQFHRIPHLREHQWKRVGHFUHDVHGLQGHSRVLWLRQDUHDVLPPHGLDWHO\DIWHUWKHH[SHULPHQWDQG
UHWXUQHG WRRULJLQDOV OHYHOV\HDUV ODWHUEXW WKHVSHFLHVFRPSRVLWLRQZDVQRW WKHVDPHZKHUHDV WKH
DEXQGDQFHRIFHUWDLQJURXSVRIPHJDDQGPDFUREHQWKRVZDVVWLOOORZHUWKDQWKHXQGLVWXUEHGDUHD
3.5. Inter ocean metal – Benthic impact experiment by East European Consortium
$ EHQWKLF LPSDFW H[SHULPHQW ZDV FRQGXFWHG E\ ,QWHURFHDQPHWDO ,20 -RLQW 2UJDQLVDWLRQ LQ
&&)=LQ3DFLILF2FHDQLQXVLQJ'6656,QDOOWRZVZHUHFDUULHGRXWRQDVLWHRI[P
DQG WKH LPSDFWZDV REVHUYHG IURP GHHSVHD FDPHUD WRZV DQG VHGLPHQW VDPSOHV 7KH UHVXOWV KDYH
VKRZQWKDWQRVLJQLILFDQWFKDQJHZDVREVHUYHGLQPHLREHQWKRVDEXQGDQFHDQGFRPPXQLW\VWUXFWXUHLQ
WKHUHVHGLPHQWHGDUHDDOWHUDWLRQLQPHLREHQWKRVDVVHPEODJHVZLWKLQWKHGLVWXUEHG]RQH
3.6. Indian deep-sea environment experiment by NIO, India
7KH,QGLDQ'HHSVHD(QYLURQPHQW([SHULPHQW ,1'(;ZDVFRQGXFWHGE\1DWLRQDO ,QVWLWXWHRI
2FHDQRJUDSK\*RD,QGLDLQLQWKH&HQWUDO,QGLDQ2FHDQ%DVLQ7KH'6656ZDVXVHGWLPHV
LQ DQ DUHD RI [ P GXULQJ ZKLFK DERXW  P RI VHGLPHQW ZDV UHVXVSHQGHG 7KH SRVW
GLVWXUEDQFHLPSDFWDVVHVVPHQWVWXGLHVKDYHLQGLFDWHGODWHUDOPLJUDWLRQDQGYHUWLFDOPL[LQJRIVHGLPHQW
OHDGLQJ WR FKDQJHV LQ SK\VLFFKHPLFDO FRQGLWLRQV )LJ  DQG UHGXFWLRQ LQ ELRPDVV DURXQG WKH
GLVWXUEDQFHDUHD6XEVHTXHQWPRQLWRULQJRIWKHFRQGLWLRQVVKRZHGWKDWUHVWRUDWLRQDQGUHFRORQLVDWLRQ
SURFHVVKDGVWDUWHGDQGWKHQDWXUDOYDULDWLRQVKDGWDNHQRYHULQWKHLPSDFWHGDUHDV

D E
F G


)LJD6HDIORRUZLWKDQLPDOWUDFNVEHIRUHWKHGLVWXUEDQFHEµGLVWXUEHU¶WUDFNRQWKHVHDIORRU
FVHGLPHQWOXPSVFORVHWRWKHGLVWXUEHUWUDFNGUHVHGLPHQWHGVXUIDFHDIWHUGLVWXUEDQFHH[SHULPHQW

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(QYLURQPHQWDOFRQVLGHUDWLRQVIRUGHHSVHDPLQLQJ
,Q RUGHU WR OLPLW WKH LPSDFWV WRPLQLPXP OHYHOV WKH IROORZLQJPHDVXUHV QHHG WR EH WDNHQ LQ WKH
GHVLJQFRQVLGHUDWLRQVRIWKHGHHSVHDPLQLQJV\VWHP
4.1. Collector device
D 7KHUH VKRXOG EHPLQLPXP LQWHUDFWLRQ RI WKH FROOHFWRU V\VWHPZLWK WKH VHDIORRU HQYLURQPHQW WR
NHHSLWGLVWXUEDQFHIUHH
E 7KHVHSDUDWLRQRIPLQHUDOVIURPVHGLPHQWVRURWKHUGHEULVVKRXOGEHDVFORVHDVSRVVLEOHWRWKH
VHDEHGVRWKDWPLQLPXPZDWHUFROXPQLVDIIHFWHGE\WKHGLVFKDUJH
F 6WULSZLVHPLQLQJ WREHFDUULHGRXW OHDYLQJDOWHUQDWH VWULSVRIXQGLVWXUEHGVHDIORRU WRDOORZUH
SRSXODWLRQE\RUJDQLVPVIURPDGMRLQLQJDUHDV
4.2. Surface discharge
D 7KH VXUIDFHZDWHU GLVFKDUJH FDQ EH VSUD\HG RYHU D ODUJH DUHD VR WKDW LW FDQ JHW GLOXWHGZLWKRXW
PXFKGHOD\6HGLPHQWGLVFKDUJHVKRXOGEHPLQLPXPDWWKHVXUIDFHWRDOORZVXIILFLHQWVXQOLJKWWR
SHQHWUDWHIRUSKRWRV\QWKHWLFDFWLYLW\
E 'LVFKDUJHRIERWWRPZDWHUV DQG GHEULV VKRXOG EH DW GLIIHUHQW OHYHOV RIZDWHU FROXPQ LQVWHDGRI
RQO\ DW WKH VXUIDFH 7KHUH VKRXOG EH XQLIRUP GLVWULEXWLRQ RI WKH GLVFKDUJH LQ WKH HQWLUH ZDWHU
FROXPQ
F 7KHFRQFHQWUDWLRQRIGLVFKDUJHGPDWHULDOVKRXOGEHVXFKWKDWLWZLOOKDYHSRVLWLYHHIIHFWVVXFKDV
DUWLILFLDOXSZHOOLQJ
4.3. At-sea processing, ore transfer and transport
D 3URSHU WUHDWPHQW RI ZDVWH GLVSRVDO WR EH FDUULHG RXW EHIRUH GLVFKDUJLQJ %LRGHJUDGDEOH
PHWKRGVVKRXOGEHXVHGIRUWUHDWPHQWRIGLVFKDUJH
E 3URSHUFDUHWREHWDNHQGXULQJWUDQVIHURIRUHIURPPLQLQJWUDQVSRUWYHVVHOWRRUHFDUULHUWR
DYRLGVSLOOLQJ
F 2LOVSLOOVIURPWKHVHVKLSVDOVRVKRXOGEHPRQLWRUHG

&HUWDLQHQYLURQPHQWDOIDFWRUVPXVWEHFRQVLGHUHGWRSUHGLFWDQGFRQWUROWKHQHJDWLYHLPSDFWRIRIIVKRUH
PLQLQJ7KHVHDUH
D 7KHSURSRUWLRQRIWRWDODUHDWKDWZLOOEHDIIHFWHGZLWKUHVSHFWWRWRWDODUHDRIWKHZDWHUERG\
E ,QIOXHQFHRIVXUIDFHDQGVXEVXUIDFHFXUUHQWVLQGLIIHUHQWVHDVRQV
F 'LVWDQFHRIFRDVWDOEHOWVDQGLQKDELWHGDUHDVIURPWKHDUHDRILQIOXHQFH
G ([LVWHQFHRIILVKLQJSRWHQWLDORUDQ\RWKHUFRPPHUFLDODFWLYLW\LQWKHDUHDRILQIOXHQFH
6RPHXQDQVZHUHGTXHVWLRQV
,Q VSLWHRI DOO H[SHULPHQWV FRQGXFWHG DQG FDOFXODWLRQVEDVHGRQ VWLOO OLPLWHGGDWD IRU WKHSRVVLEOH
HIIHFWVRI   IXWXUHPLQLQJDFWLYLWLHVPDQ\TXHVWLRQV UHPDLQXQDQVZHUHGGXH WR WKH OLPLWHG VFRSHRI
WKHVHVWXGLHV6RPHRIWKHTXHVWLRQVDUH
D :KDW ZLOO EH D OLNHO\ PLQLQJ V\VWHP RU V\VWHPV LQ QH[W  \HDUV WKDW FDQ EH D EDVLV RI
HQYLURQPHQWDOWHVWV",WLVGLIILFXOWWRVSHFLI\³FRPPHUFLDOVFDOH´QRZEXWVKRXOGDVVXPHLQVWHDG
EHFDXVH FRPPHUFLDO V\VWHPVL]H DQG W\SHDUH OLNHO\GLIIHUHQWGHSHQGLQJXSRQ WKHXVHRIQRGXOH
HOHPHQWVDQGFDQYDU\ZLWKPHWDOPDUNHWVLWXDWLRQ
E +RZGRZHJHQHUDOL]HWKHWHVWSDUDPHWHUVIURPWKHWRZVOHGFROOHFWRUDQGPLQHUFROOHFWRUYHKLFOH"
F +RZPXFKURRPGRZHOHDYHLQHQYLURQPHQWWHVWSODQQLQJIRUXQLGHQWLILHGGHHSVHDTXHVWLRQV"
G +RZGRZHLQWHJUDWHWKHWHVWGDWDRIERWWRPGLVWXUEDQFHZLWKRWKHUHIIHFWVLQDPRUHHQYLURQPHQWDO
IULHQGO\PLQLQJV\VWHPGHVLJQDQGRSHUDWLRQV"
&RQFOXVLRQV
6LQFH RIIVKRUH PLQLQJ PD\ EHFRPH D UHDOLW\ LQ IXWXUH WR UHSOHQLVK WKH PLQHUDO UHVRXUFHV IRU
LQGXVWULDO GHYHORSPHQW LQ IXWXUH VWHSV VKRXOG EH WDNHQ WR DUULYH DW VXFK GHVLJQ SDUDPHWHUV WKDW WKH
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PLQLQJ RSHUDWLRQ ZLOO FDXVH OHDVW SRVVLEOH GDPDJH WR WKH PDULQH HQYLURQPHQW  0DULQH ELRORJLFDO
FRPPXQLWLHV VXUYLYH LQ D IUDJLOH HFRV\VWHP E\ PDLQWDLQLQJ D YHU\ GHOLFDWH EDODQFH ZLWK WKHLU
HQYLURQPHQW 7LPH VHULHV FROOHFWLRQ RI GDWD RQ YDULRXV RFHDQRJUDSKLF SDUDPHWHUV JHRORJLFDO
ELRORJLFDO FKHPLFDO SK\VLFDO PHWHRURORJLFDO HWF EHIRUH GXULQJ DQG DIWHU WKH RIIVKRUH PLQLQJ
DFWLYLWLHV ZLOO KDYH WR EH FROOHFWHG WR GHVLJQ WKH PLQLQJ V\VWHP DV ZHOO DV WR DVVHVV WKH HIIHFWV RI
PLQLQJ
%DVHG RQ WKH UHVXOWV RI WKH GHHSVHD PLQLQJ H[SHULPHQW FRQGXFWHG E\ ,QGLD WKH IROORZLQJ
HQYLURQPHQWDOLQSXWVKDYHEHHQSURSRVHGIRUPLQLPL]LQJWKHLPSDFWVRIGHHSVHDPLQLQJ
x 0LQLPL]HVHGLPHQWSHQHWUDWLRQ
x 6HSDUDWLRQRIQRGXOHVIURPWKHDVVRFLDWHGVHGLPHQWVQHDUWKHVHDIORRU
x /LIWLQJRIPLQLPXPSRVVLEOHVHGLPHQWWRWKHVXUIDFH
x 'LVFKDUJHWDLOLQJVEHORZR[\JHQPLQLPXP]RQH
x 7UHDWWDLOLQJVEHIRUHGLVFKDUJLQJ
x µ&RQVWUXFWLYH¶XVHRIXQZDQWHGPDWHULDODIWHUH[WUDFWLRQRIPHWDOV
$FNQRZOHGJHPHQWV
7KHVWXG\LVFDUULHGRXWXQGHUWKHµ(,$VWXGLHVIRUSRO\PHWDOOLFQRGXOHPLQLQJLQ&HQWUDO,QGLDQ2FHDQ
%DVLQ¶IXQGHGE\0LQLVWU\RI(DUWK6FLHQFHV*RYWRI,QGLD


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